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0 Method to prevent latch-up and improve breakdown voltage in SOI MOSFETS. 
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@ SOI (silicon-cn-insulator) technology has been 
touted as a promising approach for fabricating an 
advanced integrated circuits because of its advan- 
tage over bulk silicon circuits such as faster speed 
and improve radiation tolerance. One drawback to 
SOI is that parasitic bipolar induced latch- 
up/breakdown voltage levels severely limits the 
maximum supply voltage at which SOI circuits and 
devices can operate. When the parasitic device turns 
on, the SOI transistor cannot t>e switched off by 
changing the gate bias. What is descrit)ed is a 
method whereby the operating voltage in which this 
effect occurs is significantly Increased thus allowing 
circuit operation at reasonable power supply vol- 
tages. The method is to implant a neutral Impurity 
ion such as krypton, xenon or genmanium into the 
device (10) to form ion scattering centers. The size 
of the impurity atom must be much larger than the 
size of the silkx>n atom. The size difference generat- 
ing a scattering center. 
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BACKGROUND OF THE INVENTION 

This invention relates to semiconductor device 
processing, and more particularly^ to latch-up pre- 
vention and increased breakdown voltage in SOI 
devices. 

Circuits and devices built in SOI substrates 
have t>een shown to have many advantages over 
identical circuits built in bulk silicon substrates. SOI 
(silicorv-on-insulator) technology has t>een touted as 
a promising approach for fabricating advanced In- 
tegrated circuits t)ecause of its faster speed and 
improved radiation tolerance. However, one of the 
disadvantages of SOI devices is the parasitic bi- 
polar induced latch-up/breakdown voltage, which 
severely limits the maximum power supply voltage 
at which SOI circuits and devices can operate. 
When the parasitic device turns on, the SOI device 
cannot be switched off by changing its gate bias. 
This single transistor latch-up also manifests itself 
as a very low breakdown voltage. The SOI device 
self latch-up effect Is caused by a positive feed- 
back mechanism generated by the steady-state 
t)alancing between the minority and majority car- 
riers in the body of the transistor. For a given gate 
voltage, as the drain voltage is increased, the elec- 
tric field at the t)ody/drain junction becomes high 
enough so that electron/hole pairs are generated 
by impact ionization. The majority carriers (carriers 
of tfte same dopant type as the source and drain) 
are collected at the drain while minority carriers 
travel into the t)ody of the transistor. In SOI de- 
vices, the body of the transistor is separated from 
the sut>strate by a buried oxide. The minority car- 
riers thus collect in the body of the transistor. At 
sufficiently high drain bias, the concentration of 
minority carriers in the body disturt>s the nonmal 
steady state potential of the body. To compensate, 
majority carriers are injected from the source. 
These carriers tften diffuse to the high field region 
of the drain/lKKly Junction, creating even more elec- 
tron/hole pairs by impact ionization, and cause a 
run-away cunrent in the device. 

Several approaches have been discussed in 
the known art for increasing the voltage at the drain 
for onset of the device self latch-up/breakdown 
effect. The known approaches are t>ased on reduc- 
ing the drain electric field for a given drain bias 
(LDD approaches) or adding an extra contact to the 
body of the transistor to keep it at a constant 
potential and to act as a sink for the excess car- 
riers (txxJy tie approaches). 

In the body tie approach, either an extra con- 
tact is attached to the kxxJy of the transistor to 
keep the voltage potential from floating, or highly 
doped straps are used to short the body to the 
source. However, body ties are useful only for 
thick-film SOI devices. As the film becomes thin- 



ner, the sheet resistance of the body increases, 
and the body tie collects a lower percentage of the 
excess current. As a result, extra ties/straps are 
needed, greatiy increasing the required device 

5 area. In addition, implementing body ties requires 
significant design changes from bulk silk^on transis- 
tor technology. Thus, circuits implementing body 
ties must be designed for SOI from the start, 
thereby increasing cost. 

10 The LDD approach aims to decrease the elec- 
tric field at the txxiy/drain junction by reducing the 
dopant gradient (from the very highly doped drain 
to the low doped body) in this region. This is 
accomplished by the use of a spacer to explicitly 

75 separate the drain from the body. An additional 
implant is used to decrease the resistance of the 
spacer region. This approach can be used to easily 
increase the operating voltage. 

However, a price is paid in terms of slower 

20 circuit speed. It is difficult to optimize the circuit 
speed versus the maximum operating voltage. In 
addition, the LDD process requires many process 
steps to be added to the transistor fabrication pro- 
cess. 

25 Another approach is to reduce the lifetime of 
minority carriers in the transistor body. When car- 
riers quickly recombine, a larger influx of carriers is 
needed to disturb the body potential sufflclentiy to 
induce the positive feedback mechanism. Thus, the 

30 voltage at which the positive feedback mechanism 
occurs is increased. However, it is difficult to de- 
crease the recombination lifetime without increas- 
ing the generation lifetime. The generation lifetime 
refers to the generation of carriers by thermal ef- 

35 fects. Thermally generated carriers contribute to 
ftie off-state device leakage. As devices are made 
with shorter gates, shorter recombination lifetimes 
are required to increase the maximum drain volt- 
age. However, the generation lifetime decreases 

40 proportionally, so that the submicron devices would 
be excessively leaky. In addition, the minimum 
acceptable leakage decreases as devices are 
shrunk. 

What is needed is a method whereby the op- 
45 erating voltage at which the latch-up occurs is 
significantly increased thus allowing circuit opera- 
tion at reasonable power supply voltages. 

SUMI\/IARY OF THE INVENTION 

50 

The present invention is a method to improve 
the device operating voltage via implantation of 
neutral impurity ions into the silicon transistor de- 
vices. The implants are used to generate scattering 
55 centers In the high field region of the drain/body 
junction. These scattering centers reduce the mean 
tree path of electrons, thus reducing the energy 
they acquire. Since the carriers have less energy, 
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less impact ionization occurs. The neutral impuri- 
ties include group Vill atoms such as Krypton and 
Xenon. Gemianium may also be used, since it is 
electrically neutral in silicon. It is key that the size 
of the impurity atom be much larger then the size 
of the silicon atom. The size difference generates 
the scattering. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The objects, features and advantages of the 
invention will be fully understood with reference to 
the description of the prefenred embodiment and 
the drawings wherein: 

Rgure 1 is a cross sectional view of a semi- 
conductor device built in SOI tech- 
nology. 

Figure 2 is a graph of the latch-up voltage 
for a device without the implant. 

Rgure 3 is a latch-up voltage graph of a 
germanium implanted device ac^ 
cording to the present invention. 

Rgure 4 is a comparison of latch-up vol- 
tages for transistors with and with- 
out a germanium implant. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENT 

The present invention employs neutral impuri- 
ties to generate scattering centers in the high field 
region of a transistor. Neutral impurities include 
group VIII atoms such as krypton and xenon and 
also germanium. Because of ttie increased size of 
these atoms and with the disturt>ance in the band 
structure, high energy carriers within the transistor 
see more scattering centers. The amount of energy 
that an electron or hole accumulates In a high fiekl 
region depends upon how far it travels before it 
encounters a scattering center. Tfius, for a given 
drain field having neutral impurity centers the im- 
pact ionization current is reduced, this reducing the 
parasitic t)ipolar effects. 

A typical SOI device is shown in Rgure 1 
wherein the device 10 has a substrate 12, an 
insulating buried oxide 14, a drain and source 
region 16 and 18 respectively, a gate oxide 20, and 
a gate electrode 22. The body regk>n 24 is the 
channel region under the gate t>etween the source 
and drain regions of the device. The process pre- 
sentees the implantation of a neutral species fol- 
lowed by an anneal to eliminate implant induced 
damage. The implant can be done at several dif- 
ferent points in the process. For example, the im- 
plant can be done after the formation of the lateral 
isolation (through a dummy gate oxide), or after the 
definition of the gate. 
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This invention was demonstrated by the im^ 
plantation of germanium. The optimum energy for 
the implantation depends in part whether the tran- 
sistor is a surface channel or buried channel de- 

5 vrce. However, an implant energy window exists, 
betow which one excessively damages the surface 
and akxive which one amorphizes the film. In the 
sent process an energy of 60 KeV was used. The 
implant dose should be in the order of 1E14 to 

10 1E16 cm-2 range. 

It is important to follow the implantation by an 
anneal of the wafer to remove implant induced 
damage. The anneal should be aXa temperature of 
approximately 900 *C for at least 30 minutes to 

75 remove the implant damage and to avoid leaky 
transistor characteristics. 

Tfie present invention avoids the problems of 
the approaches descrit)ed in the t>ackground art. 
For example, unlike the body tie approach, the 

20 neutral impurity implant approach is compatible 
with bulk designs. Again, unlike the LDD approach, 
the neutral impurity implant process is very simple 
and does not degrade device performance. Rnally, 
unlike the lifetime killing approach, the present 

25 method does not increase the devtee leakage cur- 
rents. 

The inventive process was implemented using 
a germanium implantation. The drain current versus 
gate voltage l-V characteristics for an SOI device 

30 without the neutrality impurity implant is shown in 
Rgure 2. It is seen that at a drain bias of around 3 
volts the gate begins to lose control of the device 
current (self latch-up begins). For a device of the 
same dimensions processed identically except for 

35 the neutral impurity implant, self latch-up occurs at 
akxHit 4 volts as seen in Rgure 3. Additional results 
are shown in Rgure 4 in which the latch-up voltage 
was measured for both n and p-channel devices on 
two device wafers, with and without the neutral 

40 impurity implant. To further demonstrate the valid- 
ity of the technique, the germanium implant was 
applied to a single lot of wafers with one half of the 
wafers being implanted and the other half being 
without neutral impurity implantation. Measure- 

45 ments were taken on 147 devices. The use of the 
implant was seen to improve latch-up on an aver- 
age of 1.04 volts. 

While the invention has been shown with refer- 
ence to a preferred emtxxliment, it would t>e ob- 

50 vious to ones skilled in the art that the process 
could be modified and expanded for various spe- 
cies of implantation, energy and dose levels with- 
out departing from the spirit of the scope of the 
invention. 

55 
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Claims 

1. A method of fabricating integrated circuits hav- 
ing reduced parasitic latch-up and increase 
breakdown voltage comprising the steps of: s 

a) providing a semiconductor substrate; 

b) growing an oxide layer on said substrate; 

c) blanket implanting the sut)strate with 
large diameter neutral atoms; 

d) forming active devices (10) on said sub- io 
strate; and 

e) forming electrical conductors on said 
sut>strate to interconnect said devices. 

2. The method of claim 1, wherein the order of 75 
the steps of the blanket implantation and the 
formation of active devices (10) is reversed. 

3b The method of claim 1 or 2, wherein the sub- 
strate is silicon. 20 

4. The method of claim 1 or 2, wherein the sut>- 
strate is sllicon-on-lnsulator (24. 14). 

5. Ttie method of one of claims 1 to 4, wherein 25 
said integrated circuits are MOSFETs (10). 

6b The method of one of claims 1 to 5. wherein 
said large diameter neutral atoms are selected 
from the group consisting of krypton, argon, 30 
and germanium. 

7. The method of one of claims 1 to 6, wherein 
said large diameter neutral atom is germanium 
implanted at 50 to 60 KeV with a dose in tfie 3S 
range of 1E14 to 1E16 cm-2. 

8b In an integrated circuit including a substrate, 
semiconductor devices formed on said sut>- 
strate, and electrical conductors interconnec- 40 
ting said semiconductor devices, the improve- 
ment comprising the addition of a blanket \fn- 
ptant of large diameter neutral atoms into said 
sut>strate. 

45 

9. The method as claimed in claim 8, wherein 
said neutral atom is selected from the group 
consisting of krypton, argon, and germanium. 

50 
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